Abstract: Vernal keratoconjunctivitis (VKC) is a chronic allergic conjunctivitis that is most often seen in young, males. Although most types of allergic conjunctivitis do not affect vision, VKC is unusual in that damage to the cornea from the condition can result in vision loss. Although it is typically seasonal, year-round symptoms can be seen, which can lead to uncertain diagnoses being made. Although the pathophysiology of VKC is better understood in recent years, allowing more targeted therapies, management of these patients can still be very challenging, and complications can occur. As such, aggressive management of VKC is necessary, especially since vision loss in the amblyogenic age range can be permanent.
Introduction
Vernal keratoconjunctivitis (VKC) is a unique disorder among a spectrum of allergic eye diseases. It is a chronic, bilateral, inflammatory condition most commonly involving the upper tarsal conjunctiva. It more commonly affects young, male patients, but it is frequently observed in tropical regions where it may affect both sexes equally.
1 VKC has also often been associated with higher socioeconomic status. The incidence, as well as the type, of VKC varies depending on geographic region: limbal VKC is the predominate form in central and southern African countries, 2 while the palpebral form is most frequent in Europe and the Americas. 3 Seasonal exacerbations may occur based on the time of year, most often in Europe and Asia, but a significant number of patients may develop chronic perennial disease. 4 Although the disease is most often self-limiting, and will often resolve after puberty, some patients can develop sightthreatening complications. Immunosuppressive therapy is the mainstay of treatment, but surgical intervention may be required to manage the disease and its complications.
Pathophysiology
VKC is characterized by infiltration of the conjunctiva by a variety of inflammatory cell types, especially eosinophils. Although VKC has previously been thought of as an IgE-mediated disease, 5 several other immunologic pathways have also been implicated. Patients with VKC have been shown to have an increased number of activated CD4+ T-lymphocytes, predominantly Th2, indicating that there is a hypersensitivity reaction to an unknown pathogen. 6 Increased levels of inflammatory cytokines IL-3, IL-4, and IL-5 have also been demonstrated. 7 Conjunctival papillae formation is related to fibroblast activation and production, whereas limbal conjunctival nodules are related to infiltration of inflammatory cells. 6 Studies using in vivo confocal microscopy have shown cellular irregularities in patients with VKC. Patients have been shown to have not only injury to the superficial corneal epithelial layer but also involvement of the basal epithelium and anterior stroma.
Corneal nerves may be affected in VKC, and they have been shown to have decreased density as well as increased concentration of adjacent inflammatory cells. 8 It is also thought that aberrations in the normal ocular surface microbiome may play a role in VKC. In a recent study, Staphylococcus aureus was more frequently isolated from the conjunctival specimens from patients with VKC, and may be a significant cause of exacerbations, while S. epidermidis was more frequently found in normal control patients.
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Clinical findings
Patients with VKC often present with symptoms of intense itching, redness, and watering eyes. 4 They also may complain of photophobia and foreign body sensation. Clinical signs of VKC include a papillary reaction of the upper tarsal conjunctiva, and throughout the limbus. VKC is classified as tarsal, limbal, or mixed 3 based on the location, and the papillae may range in size from 1 mm to giant cobblestone papillae. The eyelid margins are not involved, in contrast to other types of allergic keratoconjunctivitis. Other typical signs of VKC include bulbar conjunctival hyperemia, a thick mucus discharge, and corneal involvement, including superficial punctate keratitis, epithelial erosions, shield ulcers, or plaques ( Figure 1) . A classic sign of VKC is Tranta's dots which represent lymphocytic infiltration of the limbal conjunctiva.
A clinical grading system based on clinical symptoms and signs has been proposed to help guide treatment and identify patients at high risk for recurrences, corneal complications, and vision loss. In a recent study, patients were stratified by symptoms: grade 0 being no symptoms and no therapy; grade 1 being presence of symptoms without photophobia and occasional allergic eye drop use; grade 2 being the presence of symptoms including photophobia; grade 3 representing daily anti-allergic treatment and occasional topical steroid use; and grade 4 being diffuse punctate keratitis or corneal ulcer, and use of pulsed high-dose topical steroid. This grading system identifies those patients with more severe disease and at higher risk of recurrence and complications associated with VKC, leading to worse visual outcomes.
10
Differential diagnoses
Differential diagnosis of VKC includes any of the chronic allergic conjunctivitis's including seasonal allergic conjunctivitis, perennial allergic conjunctivitis, atopic keratoconjunctivitis, or giant papillary conjunctivitis, as well as chlamydial infection, especially in the early stages on the disease.
11 VKC may be differentiated from the above disorders by hypertrophic papillae in the tarsal form of VKC or Horner Trantas dots in the limbal form, or a combination of the two, along with no involvement of the eyelids. 12 Currently there is limited utility in testing for the diagnosis of VKC. Skin tests and IgE levels are rarely useful and may be negative in 50% of patients with VKC. In cases where the diagnosis is unclear, conjunctival scrapings showing eosinophilic infiltration may be beneficial in aiding the diagnosis. 
Treatment
There is currently no defined gold-standard treatment algorithm for VKC, but there are many options available, and treatment should be tailored to the individual.
Whatever treatment regimen is prescribed, it should be initiated promptly and the patient should be monitored closely for the development of any corneal complications.
A Cochrane review by Mantelli et al included 27 randomized controlled trials encompassing 2,184 eyes in an effort to evaluate topical therapies for the treatment of VKC. They found that all common antiallergic eye drops are effective in reducing signs and symptoms of disease, and that some patients even respond to placebo. 13 A critical initial component of all allergic disease involves avoidance of inciting factors. Patients should be encouraged to wash hands frequently and avoid touching or rubbing their eyes. Cold compresses and artificial tears may help to alleviate symptoms in mild cases or as adjunctive therapy to pharmacologic treatment. First-line pharmacologic therapy for VKC is topical treatment, and there is considerable therapeutic overlap with other forms of allergic conjunctivitis. Mast cell stabilizers are a mainstay for prophylaxis. In milder cases, antihistamines may be of benefit, but more severe cases may 
Mast cell stabilizers
Mast cell stabilizers are thought to prevent mast cell degranulation via inhibition of calcium channels, but their mechanism is not completely understood. There is increasing evidence that mast cell stabilizers act more broadly on inflammatory cell chemotaxis.
14 Commonly used mast cell stabilizers include cromolyn sodium and lodoxamide, which are frequently used as first-line therapy. Lodoxamide has been shown to be superior to cromolyn sodium in relieving symptoms and clinical signs of VKC. 15 The medications should be used 4-6 times daily and may take up to 2 weeks to show response in mild cases of VKC.
Antihistamines
Antihistamines are sometimes used in the treatment of VKC: they are most often used in alleviating the symptoms of mild disease, but they have limited utility in severe cases.
More recent medications that combine antihistamine properties with mast cell stabilization include ketotifen and olopatadine. Both have been shown to improve the signs and symptoms of VKC, and there is evidence that ketotifen may be more effective. 16 Some antihistamines may have a drying effect, which could exacerbate symptoms.
Nonsteroidal anti-inflammatory drugs (NSAIDs)
NSAIDs may also be a useful therapeutic option in VKC. Topical diclofenac or ketorolac have been shown to be effective in treating symptoms. 17, 18 NSAIDs may be used in conjunction with other topical anti-inflammatory medications to provide rapid relief of symptoms; however, they have limited utility in those patients with corneal involvement. 19 While NSAIDs are a frequently prescribed ocular medication, there have been reports of severe corneal toxicity, with even ulceration and corneal perforation in otherwise healthy eyes. As such, their use should be limited to shortterm treatment. 12 
Topical corticosteroids
Topical corticosteroids are a critical component of VKC management, particularly in VKC exacerbations, but they have extensive side effect profiles including cataract development and glaucoma. Initial treatment in an acute exacerbation should begin with steroids with low intraocular penetration such as loteprednol or fluorometholone to avoid complications associated with steroid use. More resistant cases should be treated with more potent steroids such as prednisolone acetate or dexamethasone. 20 
Cyclosporine
Cyclosporine is a calcineurin inhibitor that acts by inhibiting cytokine production by T-lymphocytes. It also has inhibitory effects on eosinophil and mast cell activation. 21 Low-dose cyclosporine has emerged as an alternative to corticosteroids in some cases of VKC. It has an excellent side effect profile, limited to only a burning sensation and few systemic effects at the doses being used. 22 Commercially available topical 0.05% cyclosporine A has been shown to improve clinical signs and symptoms of VKC, as well as decreasing tear cytokine concentration when used 4-6 times per day. 23 Higher concentrations of 1%-2% have been studied and shown to be safe and effective for even severe VKC, but the disadvantage is that they need to be extemporaneously compounded. 24, 25 More recent studies have shown even a dose of cyclosporine 0.05% 4 times per day may be effective in drug-resistant VKC in conjunction with topical corticosteroids. 26 
Tacrolimus
Tacrolimus is another calcineurin inhibitor that acts to inhibit T-lymphocyte activation and it causes the release of inflammatory cytokines. 27 In recent studies tacrolimus has proven to be very effective in the treatment of VKC at various concentrations. Chatterjee et al studied response to 0.03% tacrolimus ointment in steroid-refractory patients with VKC. Out of 23 patients, only 4 required additional corticosteroid therapy after 4 weeks of tacrolimus treatment. 28 Tacrolimus may also be effective in patients with corneal involvement. Miyazaki et al treated patients with epitheliopathy, shield ulcers, or corneal plaques with 0.1% topical tacrolimus, and showed similar improvement in epitheliopathy scores when compared to those using adjuvant topical corticosteroids. 29 A recent randomized control trial compared treatment of VKC with 0.005% tacrolimus eye drops versus IFN alpha-2b who had failed topical antihistamines and corticosteroids. The main outcome measure was improvement of subjective symptoms, but objective improvement of exam findings was also measured. All of the patients with tacrolimus showed improvement of subjective symptoms while one patient treated with interferon had persistent symptoms. 30 
Other therapies
The most resistant cases of VKC may require treatment with systemic medications, including oral corticosteroids or other 
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Addis and Jeng immunomodulatory agents. Recent case reports have shown treatment of VKC with omalizumab: 4 patients who had failed topical therapy of both cyclosporine and tacrolimus showed improvement of ocular symptoms of itching and tearing, as well as ocular signs of hyperemia, and papillae. 31 There may also be a role for allergen-specific immunotherapy which avoids the side effects often seen with topical therapies. Patients with VKC often have hypersensitivity to pollens and house dust and have been shown to have improvement in signs and symptoms with subcutaneous allergen-specific immunotherapy (SCIT). 32 In this study, treatment by SCIT was more effective in improving the clinical symptoms and reducing the serum IgE than topical treatment because there was a greater reduction in symptoms in group 1 of immunotherapy (72%) than in group 2 of medical treatment (59%) (P,0.05). Also, there was a significant reduction in total serum IgE (P,0.05) in group 1 (62%) compared to group 2 (42%). 32 
Surgical intervention
Persistent corneal complications such as non-healing shield ulcers or corneal plaques may require surgical treatment. These interventions may range from scraping to superficial keratectomy. In rare cases of refractory giant papillae that do not respond to medical treatment, surgical interventions such as cryoablation may be employed. Therapies in conjunction with surgical excision to prevent recurrence include mitomycin-C application, autologous conjunctival graft, or mucous membrane transplantation. Amniotic membrane transplantation in cases of refractory giant papillae has been shown to aid healing of corneal complications associated with giant papillae such as epitheliopathy and ulcers. 33 
Complications
Severe vernal keratoconjunctivitis is most frequently a selflimiting disease; however, in some cases sight-threatening complications may develop. The corneal epithelium acts as a barrier to circulating pathogens, but may become damaged in severe disease both due to trauma from upper tarsal papillae and a complex array of inflammatory molecules. 34 This combination of repeated trauma and inflammatory milieu may then lead to shield ulcers and plaques. Shield ulcers usually form on the upper third of the cornea and can lead to sight-threatening complications in up to 6% of patients. 35 They begin as punctate epithelial erosions which coalesce to form macroerosions which then develop into shield ulcers which can be self-limiting or develop further consequences such as bacterial keratitis. 36 Plaques form when inflammatory debris accumulates at the base of a shield ulcer. They are particularly resistant to topical therapy and may require surgical intervention.
Patients with long-standing vernal keratoconjunctivitis may also develop limbal stem cell deficiency due to longstanding inflammation. The prevalence of limbal stem cell deficiency in patients with VKC may be as high as 1.2% and occurs in older patients with VKC. Treatment may include amniotic membrane transplantation or allo-limbal stem cell transplantation. 37 Other commonly associated complications from vernal keratoconjunctivitis include keratoconus and irregular astigmatism due to frequent eye rubbing in the atopic pediatric population 38 and steroid-induced glaucoma from frequent use of topical corticosteroids.
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Prognosis
The prognosis for VKC patients is generally good and the disease is generally self-limiting with appropriate treatment. Despite an overall good prognosis, up to 6% of patients will develop vision loss due to complications associated with VKC. In patients studied, over half will continue to have symptoms after 5 years and the presence of giant papilla may indicate a worse prognosis. 
Future research
The incidence of allergic disease is continuing to climb 39 and personalized therapeutic approaches are currently being studied. Further developments in allergic sensitization may prove to be the next innovation of VKC treatment.
Conclusion
VKC is a bilateral inflammatory disease that can cause visual loss. Although little has changed in the diagnosis of VKC, which continues to be largely clinical, based on symptoms and clinical signs, newer therapies have been developed. This armamentarium of therapies continues to expand with increasing use of immunomodulators. Unfortunately, severe, protracted cases of VKC remain a challenge to treat. As such, continued research is necessary to better understand the complex nature of VKC and to develop more effective therapies.
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